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T h e  Cccupa t iona l  Sa fe ty  a n d  Heal th  Adminis t ra t ion  h a s  a d v a n c e d  engineer ing  cont ro ls  over adminis t ra t ive  
con t ro l s  and pro tec t ive  e q u i p m e n t  to r e d u c e  exposures to chemica l s  in t h e  workplace.  T h e  appl ica t ion  of 
e m p l o y e e  training a n d  mot iva t ion  p r o g r a m s  ( s u c h  as j o b  s a f e t y  analysis)  to reduce  exposures  to chemica l s  h a s  
n o t  been  emphas ized .  To d e t e r m i n e  t h e  e f f ec t iveness  of s u c h  p rograms ,  a pilot project  in an alkyl lead product ion  
facility w a s c o n d u c t e d  w i t h  35 e m p l o y e e s  in an  e f fo r t  to r e d u c e  e x p o s u r e s  to organ ic  a n d  inorganic  lead. Resu l t s  
a f t e r  12 m o n t h s  s h o w  a 40% r educ t ion  in  lead-in-urine and a 24% reduct ion  in lead-in-blood, b o t h  ind ica tors  of 
total exposure  to organic  and inorganic  lead. 
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in t roduct ion  
1'0 dctcrminc the ~ U C C C S S  of training programs i n  reducing 
cxposurcs to chcmicals. a mcthod of monitoring cxposurc 
by all routcs including inhalation.skinabsorptionand inges- 
t i on  is required. I.cad-in-urine and Icad-in-blood arc wcll 
docunicntcd asintegrating thctotalcxposurcto organic lead 
and inorganic lead."' Scvcral studies havc found no corrcla- 
tion hctwccn air monitorinpnnd biological v ~ I I u c s . ' ~ ' ~ '  prob- 
a b l y  hcc;iu)rc ol  exposures hy r ~ i i t c s  citticr t l i i i i i  iii1iiiI;ition. 

A n  ciiiploycc t i ; t i i i i i i g  ; i r tc l  iiiotiv;itioii pi cigi:itti WI> clcvcl- 
oped ;itid iinplcriiciitcd at tlic Iitliyl C'orp~ii~;itioii's I{aton 
Hougcalkyl lead manufacturing plant in  .l;inii;irp, 19x0. For 
over 40 years Ethyl has used biological siiiipling to monitor 
the hcalth of cmployccs exposed to Icad. ficdical survcil- 
lancc standards wcrc cstablishcd to takc remedial action 
prior to the appearance of clinical symptoms.  Combined 
N i t  h air mo ni I o r i  ng dit ta. t he hiologic;~ I iriforiii;ition h i i s  
ic.\ultcd in the implciiicntation o f  cngiiiccring controls. 
rcspiratory protection programs iind administrative controls. 

IJmployces included in t h c  pilot program consistcd of 35 
loi cmcn rrsponsihlc for ;ilkyl Ic;id production. The objcctivc 
was to rcducc the lead-in-urine and lead-in-blood lrvcls 
through I )  comprchcnsivc training on the industrial hygicnc 
;ispccts of Icad rind 2) rnativiiting cmployccs to minimirc 
c x p i s u r c  hg using good worL Iyriicticcs. At thc iicgiiiiiing o f  
thc program, the urine and blood lcad lcvcls of the 35 fore- 
nicn wcrc clc\atcd over nonoccirpationally exposed lcvcls 
( . I  ahlc I) .  

methodology 
The forcmcn wcrc divided i n t o  four groups consisting of8 to 
9 forcrncn on each of  thc f o u r  Shifts. Group mcctings wcre 
held on a mont hly schedule. Thc initial mccling consisted of 
a n  intcnsivc training session on thc industrial hygicne 
;i\pccts of working \\ i th o rp i i i c  ;ind inorganic h i d .  The 
puiposc  w;ts t o  ;issure t l ~ r i  clriployccs wcrc infoiriicd o f thc  

physical and toxicological aspects oftctraalkgl lead (o rpn ic )  
and inorganic Ic;id. Sinccorganic;ind inorgiinic lead cocsist 
in the alkyl lead production facility. it was vcry important 
for t h c  cmployccs to understand the cffcct that cxposurc to 
cadi form of lead wou:d hsvc on urine and blood lead Icvcls. 

I n  all training scssions. the importancc of good work 
practices and personal hygicnc w a s  strcsscd. Examplcs 
iiicliidc I ) wiixhiiig 0 1  thr I i i i l idh :iiitl fiicc hcforc eating. 
diiiihiitg iiiid siiiokiii!::) L :cpiiig f ' i i t p * r i i ; i i I k  s h o i  t ; i r i t l  L*Ic:iii 

3 )  cli;itigiiig t o  clci~ii work clothing on a daily basis. and 4 )  
informiiig the forcmcn t h a t  wiping t he face with a shirt slccvc 
t o  rciiiovc pcrspiration could result in ingestion of lead 
particulate. Ingestion of inorganic lead wasconsidcrcd to bc 
a niajor contributor to clcvatcd blood lcad Icvcls. 

Ench cinplopec rcccivcd quantitative rcspirator l i t  testing 
;ind twining. The iinportiincc of the proper use and ciirc of 
the respirator was crnphasized, cbpccially the nccd to clcan 
thc dust from the rcspirator after use. Air-supplicd respira- 
tors and half-faccpiccc dual cartridpc rcspirators arc uscd to 
protcct cniployccs from inorganic lcad dust and fumc and 
organic lead vapor. Thcair-purifying respirators arc NlOSH 
approved for organic vapor. dust, mist and fumes. 

I3iologic;il siimplcs wcrc callcctcd on il month ly  basis for 
iiiiiic iiiid tiimoiitlily for blood. 'I'Iic Icad-in-blocid ;irid urine 
values wcrc discusscd with the groups during the group 
mcctings. Thc avcragc blood and urine v;ilucs for  thc groups 
were computed and comp;ircd. 

biological s ampl ing  (analytical m e t h o d s )  
All biological sarnplcs wwc analyzed by Ethyl's Toxicology 
and Industrial Hygicnc I.;iboratory which is liccnscd by the 
Ccntcr for Diseasc Control. Urinc samplcs ivcrc dccorn- 
poscd with nitric acid and ashcd in a niufflc furnace. The 
rrsitliic. U';IS dissolved in ;kcid ; r i d  ttic 1c:id content mc;isurcd 
;is Ic;id d i th i~ona tc  by use of a spcctropl~o~oiiieter."' 

692 



T 

TABLE I 
Results of Monitoring Lead-in-Urine and Blood 

January and December of 1980 

Lead-in-Blood pg/dL Lead-in-Urine eg/ L 
Begin Final Change Begin Final Change 

/ 

(1) 132) (5)  (1) (121 (4 - 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
1 1  
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

Average 

25 
42 
48 
39 
45 
49 
38 
53 
33 
28 
37 
28 
52 
48 
41 
49 
29 
18 
43 
70 
22 
45 
44 
62 
47 
48 
35 
27 
44 
43 
50 
59 
56 
48 
42 

42 

14 
24 
29 
49 
30 
34 
28 
25 
25 
29 
34 
24 
40 
33 
28 
37 
21 
20 
29 
50 
19 
29 
44 
48 
30 
42 
32 
22 
28 
52 
41 
42 
35 
30 
26 

32 

-1 1 
-18 
-19 
+10 
-15 
-15 
-10 
-28 
-8 
+1 
-3 
-4 
-12 
-15 
-1 3 
-12 
-8 
+2 
-14 
-20 
-3 
-1 6 
0 

-1 4 
-1 7 
-6 
-3 
-5 
-16 
I9 
-9 

-17 
-21 
-18 
-16 

-10 

Pctcent Clianyc in Avuragu Values: 

24% 

48 
91 
202 
95 
154 
162 
86 
137 
25 
46 
117 
164 
124 
94 
87 
75 
87 
34 
162 
116 
79 
116 
102 
131 
71 
68 
90 
68 
94 
138 
134 
120 
149 
99 
133 

106 

31 
52 
52 
107 
58 
107 
87 
65 
64 
42 
47 
45 
68 
68 
53 
27 
61 
26 
55 
81 
76 
88 
54 
45 
32 
46 
54 
36 
62 
69 
142 
74 
89 
64 
86 

63 

-1 7 
-39 
-150 
+12 
-96 
-55 
+l 

-72 
+39 
-4 
- 70 

-1 19 
-56 
-26 
-34 
-48 
-26 
-8 

-107 
-35 
-3 
-28 
-48 
-86 
-39 
-22 
-36 
-32 
-32 
69 
+8 
-46 
--60 
-35 
-47 

-42 

40% 

Blood sarnplcs wcrc collccted during months 1,  2, 4, 
6.8. IO and I?. Thcse samples were analyzed by the anodic 
stripping tcchniquc. This tccliniquc involvcs lysing thc 
C'I ?I Iirocytcs a i d  iiiv:iwriibg thc 1c;itl coiitciii o l  the SIIII-  

PIC clcctroeiioinic3lly~"' 

rcsults 
Results of thc cmploycc motivation and training program on 
Icad-in-blood and lead-in-urine arc prcscntcd in Table I. 

lead in urine 
I'lic iivcragc reduction in urinary lcad for all foremen during 
the 12-month program was 42 pg/L or 40% of the initial 
Icad-in-urinc Icvcl. Thc avcragc rcdoction of t hc 17 rniployccs 
wi th  i n i t i a l  lead-in-i~i-iiic Icvels over 100 p g / L  was 72 
/ I S /  1. or 529;. 

A plot of average Icad-in-urine o n  a monthly basis is 
prcscntcd in Figure I .  

lead in blood 
As lead-in-blood has a longer half life than the elimination 
rate of Icad-in-urine. a smallcr rcduction of lead-in-blood 
than lead-in-urinc was anticipated during thc 12-month 
intcrval. Tablc 1 also shows the results of thc initialand final 
Icad-in-blood bamplcs and thc  total change. The  average 
reduction for thc total population was 10 p g / d L  o r  24% of 
the initial avcrapc Icad-in-blood level. All employees with 
initial blood lcad values of 50 pg/ d L  or greater were com- 
bined into a subgroup. This value was choscn as i t  is the 
blood lead rcstriciion lcvcl which OSHA's inorganic lcad 
standard requires i n  1983."' This subpopulation had an 
avcragc blood lcad reduction of 17 pg/dL.  Of seven 
employces with blood lcads of SO pg ldL  or grcatcr at the 
bcginningofthc program. onlyone rcrnaincd a tSOpg/dLat  
the  cnd of one year. 

The  plot of avcragc Icad-in-blood o n  a monthly basis is 
prescntcd in Figurc 2. 

statistics 
All reductions of Icad-in-urine and 1c;rd-in-blood a s  indi- 
catcd i n  the rcsults scction are statistically significant (a of 
0.0005). Thc statistical analysis consisted of a t-test of 
matched pairs (dcpcndont samplcs). 

l l l i l l i l l l l l  
I 2 3 4 5 6 7 8  8 I8 I1 12 

m 
Figure 1 -Average lead-in-urine by month. 
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Figure 2 - Averago lead-in-blood by month. 

;III cmploycc niotiv;ition program iippc;irr t o  he a n  cffcctivc 
mct hod o f  rcducing employee cxposurc to chemicals. 'Ihc 
progr;im is crpcci;illy cffcctivc with cii~ployccs h;iving tlic 
Iliglicr lead-in-blood arid urinc 1cvc.lr. Work practices, pro- 
tcctivc cquipiiicnt and pcrroiial liygiciic become iiicrcasiiigly 
iinport;int as the lcvcl of cxposurc incrcascs. Thc  capital 
invcs~iiicnt in a n  cmploycc training and motivation program 
is minimill compared to on~ inec r in~con t ro l s .  Ikncfits of the 
program were obrorvcd outsidc ofthccniployccs in thcpilot 
project. Whcn thc foremen ohscrvcd thc reduction of lcad- 
in-iiriiic ;I iid 1c:id-in-bIood vi i l i ic~.  tlicy s1i;ircd the inl'orin;i- 
tion with ~ h c  pcoplc reporting to I trcm. The foremen apillicd 
many of thc training and motivation techniques used in the 
pilot study to thcir groups with significant success. 

W'c hclicvc thai the cmploycc motivation rcction of the 
program contributcd t o  the reduction of lead-in-urine and 

Icad-in-blood. During the group mcctings. the cmployces 
wcrc observed to conccntratc their discussions on thc work 
areas of cmployccs whosc Icad-in-blood or urinc level 
had incrcascd or was adversely affecting the average of 
thc group. 

In October, 1980. thc program was expanded t o  include 
all cmployccs with blood leads over 50 pg/ d L  or urinary lead 
values ovcr 120 pg/L. A rcduction of Icad-in-urine and 
blood has been ohscrved in the initial 10 months of thc 
program. Wc have found that working with thc employee o n  
a one-to-one basis rathcr than in largc groups allows thc 
program to be tailored to thc employee's specificjob. l f the  
cmploycc's Icad-in-blood and lead-in-urine lcvcls remain 
clcvatcd, a job safcty analysis is conducted to correci the 
work practices resulting in clcvatcd exposure."' 

Thc conccpts used in this program have bccn cffectivcly 
applied in industrial safety for scveral ycars. Safcty profcs- 
sionals have rccognixd the nccd for employee training to 
control thc frcqucncy and sevcrity of accidcnts in the work- 
place. The siicccssful application of training programs to 
industrial liygicnc offers thc industrial liygicnei man;igc- 
ment team a cost-cffcctivc and prohen method of rcduc- 
ing exposures. 
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